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Renal morphology in preeclampsia
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The Medical School, University of Liverpool, Liverpool, England
This article concerns the renal lesions seen in the
hypertensive disorders of pregnancy. Most of the
recent literature on this subject is based on analysis
of tissue obtained by needle biopsy of the kidney, a
method that has obvious advantages over examina-
tion of autopsy material: it avoids the complications
posed by the death of the patient and in theory
permits repeat collection of samples to allow obser-
vation of the course of development of the toxemic
lesions. In practice, however, renal biopsies are on-
iy rarely performed serially and practically never on
control obstetric patients with no proteinuria or hy-
pertension, or on those with symptoms suggesting
imminent eclampsia. Rather, in most cases, they
are obtained in puerperal patients whose lesions are
probably healing. Furthermore, because specimens
are small, and lesions may involve but a few gb-
meruli; they may be missed. Last, in some in-
stances, the technique may lead to crush or traction
artefacts.
The following account focuses on the renal le-
sions seen in fresh autopsy material from women
with hypertensive disorders of pregnancy, which
are compared with those from control groups of
gravidas dying from other causes. This survey,
based on a previously published text [1], presents
the results only from cases in which the au-
topsies were performed less than 2 hours after
death. Its findings are discussed in relation to recent
observations by other investigators.
Methods
Autopsy samples were classified on purely clini-
cal grounds into seven groups, as listed below. In
the first four groups, death of the patient was
caused by some incidental obstetric complication,
such as placenta previa or retained placenta, with-
out anything to suggest that toxemia1 played any
'In this paper, the terms toxemia and preeclampsia are consid-
ered synonymous.
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part in its causation. Furthermore, there is no rea-
son to presume that because the patients had died
any toxemic process was particularly severe, or
that the manner of death had affected the renal his-
tology.
Group 1: Normal. Patients had definitely no hy-
pertension or proteinuria up to shortly before death.
Group 2: No abnormality. The clinical course had
nothing to suggest toxemia. Most of the patients
had records indicating that there had been no hyper-
tension or proteinuria, but sometimes there are no
data on these examinations during the last week.
Group 3: Minor toxemia. These patients usually
had no hypertension, but occasionally they had had
rises of systolic blood pressure to between 140 and
155 mm Hg or of diastolic pressure to 90 to 100 mm
Hg, and irregular slight to moderate proteinuria.
Group 4: Major toxemia. These patients had had
hypertension of over 155 mm systolic or 100mm Hg
diastolic, usually sustained and moderate to gross
proteinuria.
In the next three groups, the death was due to, or
related to, the toxemia, and it can reasonably be ex-
pected that the renal lesions should be well devel-
oped.
Group 5: Toxemic crises, not acceptable as true
eclampsia. There had usually been evidence of ma-
jor toxemia for several days previously. Death was
due to toxemic coma, to primary cerebral hemor-
rhage, or followed a single convulsion.
Group 6: Eclampsia. There had usually been evi-
dence of major toxemia for several days. Two or
more eclamptic convulsions were followed by death
within 48 hours after delivery.
Group 7: Posteclampsia. These patients had
eclampsia, with death at 2.5 to 30 days after deliv-
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ery. This group shows the various repairing stages
of the renal lesions.
Because the number of patients in each of these
clinical groups differs, the incidence of the histolog-
ic lesions in each group is expressed in the tables as
a percentage in order to allow easy comparisons.
Differences of 10% are usually of no significance,
particularly in the smaller groups. It will be seen
that none of the lesions has a 100% incidence, even
in eclampsia. The tables are modified from Ches-
ley's Hypertensive Disorders in Pregnancy (1978).
As mentioned above, the material studied was ex-
clusively done so from autopsies. To avoid post-
mortem autolysis, which invalidates many of the ac-
counts in the older literature, all autopsies were per-
formed within 15 mm to 2 hours after death and in
over half the cases within 1 hour. Kidneys were re-
moved with a no-touch technique, sliced with a ra-
zor, and placed in special fixatives. The tissue was
examined only by light microscopy, using a wide
variety of specific staining methods [1]. A few re-
cent attempts at electron microscopy on wet tissues
that had been preserved from these cases were un-
satisfactory because the material had not been fixed
suitably, and the discussion here is based on materi-
al kindly provided by Dr. Benjamin Spargo (Univer-
sity of Chicago). Similarly, immunohistology was
not used, and the account given is taken only from
the literature.
Results and discussion
General pathologic aspects. Light microscopy
shows several typical histologic lesions in the tox-
emic kidney. Certain authors have selected one or
another of the lesions as the specific alteration of
toxemia, but the combination of all the lesions pro-
duces a general picture that is diagnostic. Some of
the individual changes can of course occur in other
types of renal disease, but the differentiation is usu-
ally obvious.
The lesions vary in their incidence and degree of
development, and it appears from the clinical ac-
counts that this was in relation to the amount and
duration of the proteinuria, rather than to the hyper-
tension or edema. There is no evidence that they
are caused by severe vasomotor disturbances in the
kidney; they differ in this way from the lesions in
the brain and liver in eclampsia.
The importance of the duration of the proteinuria
is illustrated by two cases of fulminant eclampsia in
the present series. At 12 or 18 hours before death,
these two patients had no proteinuria or rise of
blood pressure, but these clinical features were
markedly abnormal 4 to 6 hours before the con-
vulsions began. Neither patient had any glomerular
lesions recognizable by light microscopy.
Glomerular size. Most workers agree that glomeruli
enlarge in toxemia. The mean diameter of the gb-
meruli in the present study is 193 m in the normal
group and increases slightly with the severity of the
toxemia to 216 m in the eclampsia group. In post-
eclampsia, there may be a further increase in size,
but the present data are insufficient for valid calcu-
lations. It should be noted that normally there is a
minor increase of glomerular diameter with advanc-
ing age between 15 and 45 years old.
It is universally recognized that the size of the
glomerulus and of the capsular space in histologic
sections is not the same as it was during life. The
glomerular tuft retracts when the intracapillary
pressure drops at death or biopsy. Subsequently,
the tuft shrinks during fixation and histologic pro-
cessing; the amount of this shrinkage relative to that
of the capsule depends on the techniques used, and
can be very considerable with formalin fixation.
With the methods used in the present study, the di-
ameter of the glomerular tuft in sections is 78% of
its original dimension and that of the capsule is
89%. The sizes given here have been corrected for
this shrinkage.
Capillary lumen. In toxemia, the capillary lumen
usually appears empty in sections, though it may
contain a precipitate of diluted plasma proteins.
Many of the older authors considered the blood-
less gbomerulus" in histologic sections of the eclamp-
tic or toxemic kidney as indicating that there had
been little or no renal blood flow in life. This inter-
pretation of histologic appearances in terms of
in vivo hemodynamics is not acceptable.
Within seconds after the intravascular pressure
falls to near zero at death, there is a washing-out of
blood from the glomerular capillaries. This is due
mainly to the reflux of filtrate from the lumen of the
proximal tubule, though the tissue tension in the
kidney also plays a part. As a result, the capillary
lumen of a well-functioning glomerulus contains
few or no red corpuscles in histologic sections. This
must not be taken as evidence that there had been
little or no circulation through the glomerulus a few
seconds earlier. On the other hand, a congested gb-
merulus in histologic sections commonly indicates a
preceding in vivo ischemia with no filtrate in the tu-
bules, though it may result from the altered local
dynamics during renal biopsy and is also a common
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feature of postmortem hypostasis in delayed au-
topsies.
A further point is that when the intrarenal blood
pressure falls, if the glomerular endothelium is al-
ready swollen, the tissue tension of these cells al-
lows them to expand into the lumen. This, together
with the shrinkage of the tuft, can considerably re-
duce the lumen of the capillaries in histologic sec-
tions.
Clinical observations do not indicate any impor-
tant reduction of renal blood flow in pure toxemia,
(that is, renal blood flow, although lower than in
normal gravidas, is often still above nongravid lev-
els), though a marked reduction presumably occurs
in eclampsia accounting for the oliguria-anuria that
complicates that state. Pollak [2] says that an in-
tense vasospasm is characteristic of preeclampsia
and eclampsia. In the present cases, there were
never any ischemic lesions in the kidney in uncom-
plicated toxemia (for example, in the major toxemia
group) to suggest such vasospasm. Histologic evi-
dence of an extremely focal arrest of circulation in
rare nephrons, however, can be found in a few
cases of eclampsia or toxemic crisis. This is shown
by the occurrence of a special type of slowly de-
veloping hyaline-fatty "infarction" of an occasional
glomerular tuft, rarely more than one in 100 or 500
glomeruli. This may very occasionally be associated
with ischemic damage to an isolated proximal tu-
bule, as discussed later.
Fibrin thrombi. Some authors maintain that gb-
merular thrombosis characterizes many of the se-
vere cases of toxemia [3]. As shown in Table 1, fi-
brin thrombi in the capillaries are rarely observed
by light microscopy, however. Seymour et al [4] us-
ing electron microscopy found fibrin tactoids rather
often, but these were in the urinary space or in epi-
thelial cytoplasmic vesicles. When capillary
thrombi do occur, they have no recognizable rela-
tion to toxemia; the incidence is highest in patients
who died of nontoxemic complications. The
thrombi are due to two main causes: those related
to bacteria or toxins, and those resulting from local
damage to endothelium.
The first type is best seen in endotoxin shock or
in puerperal infections, which give rise to a true
"disseminated intravascular coagulation." A good
example is described by Spargo [5]. Thrombi are of-
ten seen in other viscera; the thrombi in the gb-
merular capillaries are usually very scanty, and are
found only rarely in biopsy specimens.
The other type is a secondary thrombosis on
damaged endothelium. These thrombi are found in
over half of the "infarcted" tufts mentioned above,
but these tufts are quite uncommon. More exten-
sive thrombosis is seen during the attempted re-
opening of the circulation through vessels that have
been damaged by a period of acute renal ischemia:
for example, in the early stages of renal cortical ne-
crosis following abruptio placenta, or in "late puer-
peral renal failure."
Table!. Glomeruli: Percentage of cases with each lesion in each clinical groupa
Normal(N 49) abno(N
No
rmality
= 48)
Minor
toxemia(N = 38)
Major
toxemia
(N = 43)
Toxemic
crises(N = 24) Eclampsia(N = 75)
Post-
eclampsia(N = 17)
Ballooning of tips of loops 0 0 11 51 62 72 60
Swollen endothelium and collagen fibers in
tips ofloops 0 2 8 30 58 71 48
Patchy fat in endothelium 3 3 18 40 58 85 55
Thickening of visceral epithelium 6 8 25 59 50 77 48
Hyaline droplets in visceral epithelium 16 6 32 65 68 80 71
Large vacuoles in visceral epithelium 4 0 11 37 60 48 24
Swollen niesangium-endothelium with excess
collagen in stems and stalk afferent 3 3 25 33 30 56 42
Laddering or necklacing of stems 0 2 3 7 21 17 42
Dilatationofstalkafferent 0 0 17 14 12 20 18
Endothelial foam cells 0 0 3 5 17 29 18
Hyaline-fatty infarcted glomeruli 0 0 0 7 16 17 6
Fibna thrombi in glomerular capillaries:
minimal 6 6 3 2 4 3 12
diffuse 0 0 8 4 0 0 0
Pouting of tuft into tubule 2 0 11 28 29 47 18
Spot adhesions of tuft to capsule 0 2 5 14 17 28 30
Capsular epithelial pads or crescents 0 0 0 14 0 9 18
a N denotes total number of cases.
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Fig. 1. Glomerulus with dilation of tips of loops. The section is
stained by a specific basement-membrane stain. Two of the di-
lated loops are filled by swollen endothelial cells; the collagen
fibers in those cells are unstained. (Reprinted by permission of
Williams and Wilkins Co. [1])
Fig. 2. Pouting of dilated loop of glomerulus into the neck of the
proximal tubule. A small epithelial pad is present. (Reprinted by
permission of Williams and Wilkins Co. [ID
Capillary ballooning. One of the most character-
istic lesions of the toxemic glomerulus is that the
tips of some of the capillary loops become bal-
looned (Fig. 1) and are filled by swollen endothelial
cells and fine collagen fibers. This occurs in a vari-
able proportion of the glomeruli and in only some of
the loops in any glomerulus. Thus, the condition
can most easily be recognized by the examination of
large sections; this may account for the fact that
there seem to be very few descriptions of the bal-
looning as seen by electron microscopy of biopsy
specimens of toxemia.
The ballooned tips of the capillary loops may oc-
cur anywhere at the periphery of the glomerular
tuft, but tend to be most prominent in the neighbor-
hood of the opening of the proximal tubule. At this
site, the ballooned loops may pout for a distance of
about 50 p.m into the mouth of the tubule (Fig. 2),
and subsequently herniate for a further distance in-
to the lumen of the tubule itself.
Apart from the changes related to adhesions men-
tioned below, most of the ballooned loops heal in
about a week or two after delivery by the opening
up of the capillary lumen, the swollen endothelium
with its collagen being pushed to the periphery.
Sometimes a group of new capillary lumina are
formed in this way. The endothelial cells shrink
within a short time, but the collagen fibers persist
for up to about a week, or sometimes longer.
After a few days, the ballooned loops may be-
come adherent to the glomerular capsule, particu-
larly in the neighborhood of the neck of the proxi-
mal tubule. This is followed by a hyalinization of
the tip of the loop, beginning first in the basement
membrane and then spreading to involve the endo-
thelium and its collagen fibers. At about a week
there is a local hyperplasia of a few epithelial cells
over the adhesion; these cells seem to be mainly de-
rived from the capsular epithelium, but the partici-
pation of some epithelial cells from the surface of
the tuft can not be excluded. Occasionally, this epi-
thelial pad may proceed to the formation of a small
crescent during the second week.
Subsequently, some of these adhesions become
vascularized. The capillary of the loop anastomoses
with a capillary outside the glomerular capsule, and
apparently carries an active circulation. These vas-
cular connections may persist for months or years.
The pouting of loops into the mouth of the tubule is
also a feature that may remain for a long time, par-
ticularly when it is associated with adhesions. We
have observed these residual stigmata at routine au-
topsies on a number of women who died of some
other cause a couple of years after having had se-
vere toxemia or eclampsia. Seymour et al I4] found
adhesions in 50% of their cases of toxemia and
eclampsia at 2 to 14 days postpartum, and persisting
in 80% of their cases at 24 to 300 days postpartum.
Endothelium. The endothelial cells line the entire
vascular tree of the tuft, but in the stem of the loops
they are not readily distinguishable from the mesan-
gial cells by light microscopy. In contrast, near the
tips of the capillary loops, where in the normal gb-
merulus there are no collagen fibers, the cells in di-
rect contact with the basement membrane may be
accepted as purely endothelial as far as can be
judged by light microscopy.
In the toxemic kidney, the endothelial cells in the
ballooned tips of the loops, and often elsewhere,
have much foamy swelling of their cytoplasm. To
'4
iv
 
Renal morphology in preeclampsia 245
Fig. 3. Prolferated collagen fibres (arrows) in the swollen endo-
thelial-mesangial cells. These fibres sometimes lie parallel to the
basement membrane, giving the appearance that used to be de-
scribed as reduplication of that membrane. (Reprinted by per-
mission of Williams and Wilkins Co. [1])
many, this is the most characteristic lesion of this
disease. By light microscopy, the cytoplasm seems
to have a loose texture, and its inner border is indis-
tinct. In the cytoplasm, there are a number of well-
defined fibers (Fig. 3) that react strongly with spe-
cific collagen stains, and also with the usual non-
specific stains such as silver of PAS. These collagen
fibers may run across the cell, may be arranged in a
coarse network in it, or may form a thin lamina be-
neath and parallel to the basement membrane. (This
latter pattern will be mentioned later, in the para-
graph on the basement membrane.) These fibers are
a very characteristic and almost invariable feature
of the toxemic glomerulus, and can be seen even
when the toxemia has lasted only a few days.
Electron microscopy shows excellently the swell-
ing of the endothelial cytoplasm (Fig. 4). There are
sometimes electron-dense strands in the cytoplasm
(Fig. 5), which may correspond to the collagen fi-
bers seen by light microscopy.
It seems probable that the light microscopy and
the electron microscopy show different aspects of
the same condition that was described by Spargo,
McCartney and Winemiller [6] as "capillary endo-
theliosis."
Fat in endothelium. Sudan-staining of frozen sec-
tions often shows patches of fat in glomeruli. The
fat is in the form of large numbers of very minute
droplets which appear to lie in the cytoplasm of cer-
Fig. 4. The capillary loop filled by swollen endothelial-mesangial cells (E). (Courtesy of Dr. B. H. Spargo)
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tam individual cells. In frozen sections, the cells af-
fected cannot be identified with any certainty, but
seem to be probably swollen endothelial cells. (Un-
fortunately, osmium fixation was not used in this
study.) This initial view is based on the fact that the
fatty change is often seen in ballooned loops, and
with particular frequency when these loops are
pouting into the neck of the proximal tubule. More
convincing evidence is given by electron micro-
graphs; the endothelial cells are filled with very fine
vacuoles that contain lipid (Fig. 6) or myeloid bod-
ies (Fig. 7). Spargo [3] describes cholesterol clefts
that develop in this location after a prolonged post-
partum interval.
The number of glomeruli involved is very vari-
able. Sometimes only one or two can be seen in a
large section of the kidney, and there is fat in only
one or two loops of the tuft. In other cases, several
glomeruli in the section have the fatty change, and
each of these glomeruli may have several patches of
fat.
The lesion is common in severe toxemia and
eclampsia but is not absolutely pathognomonic; as
shown in Table 1 there can occasionally be fatty
change in glomeruli in nontoxemic obstetric pa-
tients.
Foatn cells jn endothelium. Occasionally, an iso-
lated endothelial cell becomes greatly swollen to a
rounded structure about 20 m or more in diameter
with some resemblance to a Gaucher cell. The cyto-
plasm has a ground-glass or finely foamy appear-
ance but does not contain fat. The condition is quite
different from the fatty change of endothelial cells
described above.
Foam cells are a striking feature but are uncom-
mon; they are rarely seen in more than one glomer-
ulus in a large slide of the kidney. Table 1 shows
that their incidence is almost entirely in cases of
eclampsia or toxemic crisis.
These foam cells do not usually appear until the
proteinuria has lasted for several days. They are un-
common later than about a week after delivery, but
Seymour et al [4] observed them as late as 90 days
postpartum.
Basement ,ne,nbrane. The normal basement
membrane is about 0.3 sm in thickness. With cer-
Fig. 5. The two capillary loops filled by swollen endothelial-mesangial cells, whose cytoplasm is foamy and vacuolated and contains
strands of electron-dense material. (Courtesy of Dr. B. H. Spargo)
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Fig. 6. The endothelial-mesangial cell filled with fine vacuoles that contain lipid. There is also a layer of finely granular material beneath
the basement membrane, (Courtesy of Dr. B. H. Spargo)
tam special stains, it is tinctorially similar to elastic
tissue and is an obvious feature on light micros-
copy, though its internal structure can be revealed
only by electron microscopy. It is related to the un-
dersurface of the epithelium of the tuft and not to
the capillary wall; with the special stain there is a
similar membrane beneath the epithelium of the
renal tubules, but not around the intertubular capil-
laries. Thus, the common use of the term "capillary
basement membrane" for the glomerulus is unsatis-
factory. In the older literature, the term "basement
membrane" was used often to mean the entire
thickness of the glomerular wall from the lumen of
the capillary to the outer surface of the epithelium;
this source of confusion is now only of historic in-
terest.
Apart from the ballooning of the tips of capillary
loops, there are no recognizable changes in the
basement membrane in toxemia or eclampsia. The
basement membrane around the ballooned capillar-
ies must presumably be stretched, but light micros-
copy does not show any reduction of its thickness.
Some of the older authors observed, apparently
in the ballooned tips of the loops, that the endo-
thelial cells contained the layer of collagen fibers
parallel to the basement membrane, and interpreted
this as a reduplication or splitting of the basement
membrane. It is not very clear whether they consid-
ered this reduplication to be also identifiable in the
stems. Specific stains that differentiate the base-
ment membrane sharply from the collagen fibers in
the endothelium make this reduplication concept no
longer tenable.
Stems of loops and mesangium. In the normal
kidney, the stalk afferent arteriole passes up into
the tuft for a distance of about 20 to 30 pm. Its inter-
nal elastic lamina then terminates, leaving the resid-
uum of the media to continue as the mesangium up
the stems of the lobules but not as far as the tips of
the ioops. These mesangial cells are associated with
a network of fibers that have the staining reactions
of collagen. These fibers used to be known as
stroma but appear to be included in the modern
term "mesangial matrix."
V... • - 'tplFta
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Fig. 7. The vacuoles, containing myeloid bodies, in the swollen cytoplasm of the endothelial-mesangial cells. (Courtesy of Dr. B. H.
Spargo)
In toxemia, there is often a marked excess of col-
lagen fibers along the stalk afferent arteriole and up
the stems of the loops. These fibers usually lie longi-
tudinally but occasionally have a peculiar arrange-
ment of ladder rungs across the stem. This may be a
more advanced lesion; it could be the cause of the
"string of beads" distortion of the stem of the capil-
lary loops that is sometimes seen in the healing
stages of toxemia.
About 5 to 8% of cases of eclampsia or severe
toxemia have a generalized dilatation of the stems
of the loops of nearly all the glomeruli. The cells of
the mesangium-endothelium here are swollen, but
they cannot be differentiated by light microscopy.
Workers using electron microscopy often report
that in toxemia there is a circumferential inter-
position of mesangial cytoplasm and matrix along
the inner surface of the basement membrane. The
pattern of fibers in the stems of the loops is too com-
plex to permit their source to be identified by light
microscopy.
In addition, electron microscopy often shows a
layer of amorphous or very finely granular material
beneath the basement membrane (Fig. 6). It is diffi-
cult to be sure whether this is related to the mesan-
gial or the endothelial cells.
Numbers of endothelial-inesangial cells. From
counts on glomeruli that are sectioned near their
center and not obviously tangentially, the mean
number of endothelial-mesangial cells shows very
little change in toxemia; it is 96 per glomerulus in
the normal group and increases to only 102 in the
eclampsia group; it may be slightly higher in the
posteclampsia group at 107.
Seymour et al [4] give the mean count of endo-
thelial-mesangial cells in normal samples at the very
low figure of 60.5 per glomerulus. They record,
however, mean counts of 104 at 2 to 9 days post-
partum in toxemia and of 116 at a similar interval
after eclampsia. They conclude that the glomeruli
are hyperceliular in toxemia. Robson [7] and First
et al [8] say that there is some increase in number of
these cells, but give no counts.
Visceral epithelium. This epithelium forms a lay-
er over the tuft and continues over the stalk and
inner surface of the capsule. Light microscopy has
y i'# j!•'
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Fig. 8. Increase of cytoplasm of visceral epithelium (Ep). This
photograph does not show any dilated tips of loops. (Reprinted
by permission of Williams and Wilkins Co. [I])
its major limitation here; it does not demonstrate
the complex pattern of foot processes that is re-
vealed by electron microscopy, or even the space
between the epithelium and the basement mem-
brane.
As seen in Table 1, one of the characteristic
changes in toxemia is the thickening of the epithe-
hum due to a massive increase of the cytoplasm
(Fig. 8). By light microscopy, and with the particu-
lar fixation used in the present cases, these swollen
epithelial cells have a very solid-looking cytoplasm
with a clearly defined outer margin. There is no fu-
sion of the cells either to each other or across the
space between one capillary loop and its neighbor,
though this space may be reduced to only a thin slit
when the epithelium is very enlarged. For some un-
Fig. 9. A large vacuole (arrows) in the thickened cytoplasm ojthe
visceral epithelium. One cell is also filled with hyaline droplets.
There is slight beading of the stems of capillary loops. The proxi-
mal tubules show submaximal dilation, about a couple of days
postpartum. (Reprinted by permission of Williams and Wilkins
Co. [I])
known reason, possibly the method of fixation, this
thickening of the epithelial cytoplasm is sometimes
not recorded by workers using electron micros-
copy. That technique reveals, however, that the
epithehium sometimes contains numerous extreme-
ly fine vacuoles.
Certain individual epithehial cells often develop
special changes in their cytoplasm. These changes
are of two quite different types, which are never
present in the same cell.
The first type is a packing of the cytoplasm with
small hyaline protein droplets, comparable to the
much coarser hyaline droplets in the epithelium of
proximal tubules. This change may occur in any
epithelial cell over the tuft and less frequently over
the vascular trunk of the glomerulus or in an isolat-
ed cell of the capsular epithelium. The hyaline drop-
let change is very variable in incidence. Sometimes
it is seen in about half the glomeruli and may in-
volve two or three cells in an individual glomerulus.
In other cases, a search through a large section of
the kidney may reveal only one or two affected
tufts.
The second change is rather less frequent. The
cytoplasm of one epithelial cell of an occasional gb-
merulus contains a very large well-defined vacuole,
10 to 15 tm in diameter (Fig. 9). Lipid stains do not
show any fat in these vacuoles. This occurrence of a
single large vacuole in individual cells is not to be
confused with the very fine vacuolation sometimes
seen in the cytoplasm by electron microscopy. As
in the case of the hyaline droplet change, the lesion
is restricted to individual cells; the neighboring epi-
thelial cells show no alteration apart from the in-
crease of their cytoplasm. The development of the
vacuoles seems to be slow, as they are not seen un-
til the proteinuria has lasted about a week. They
disappear within two or three days after delivery.
A third change is seen only in occasional glomer-
uli. After a few days of proteinuria, one or two of
the epithelial cells become pedunculated and seem
to be in process of desquamation.
It is peculiar, and perhaps rather disappointing,
that electron micrsocopy, which has revealed the
complex pattern of foot processes in the space be-
tween the epithelial cells and the basement mem-
brane, rarely shows any change in them. There may
be slight fusion of a few foot processes in the late
puerperium in some cases of toxemia, but the
change seems not to be very striking or convincing.
First et al [8] found it only rarely in their cases with
heavy proteinuria.
Number of epithelial cells. In the present study
there was no obvious increase of the number of epi-
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thelial cells; the mean count in the normal group is
26, and in the toxemia and eclampsia groups it is 28.
First et al [8] claim, however, that the number of
visceral epithelial cells is increased in toxemia.
Arterioles. It is commonly accepted that one of
the typical changes in toxemia is a hypertrophy of
the media of afferent arterioles. This is not in accord
with our observations. A few women have thick-
walled arterioles, but this appearance is just as fre-
quent in the normal group as in patients with tox-
emia. A possible association with the early stages of
essential hypertension remains to be proven,
though in nephrosclerosis there is often hyaliniza-
tion and/or fatty change in the media, as in nonob-
stetric patients.
An "elastica bead" is a localized hyaline swelling
in the internal elastic lamina bulging out into the
media and sometimes virtually replacing it. This
change occurs in arterioles or sometimes in the
stalk afferent arteriole just beyond its point of entry
into the glomerulus. It usually involves only a few
vessels, so that it is more easily found in large histo-
logic sections than it is in biopsy material. It was
present in about half of the entire present series of
obstetric patients (Table 2), and was almost as com-
mon in women aged 15 to 19 as in those aged 35 to
45. It may be one of the conditions that are some-
times grouped under the term 'arteriolar scle-
rosis." Nevertheless, it is not related to toxemia,
nephritis, or hypertension, though some authors
seem to consider it diagnostic of this latter condi-
tion.
The juxtaglomerular apparatus is prominent in
only a small percentage of obstetric patients. With
ordinary stains there is no difference between the
normal group and the toxemia or eclampsia groups.
Arteries. The characteristic lesion of hyper-
tension, either primary or secondary, is the occur-
rence of local deficiencies in the media of arteries in
the outer third of the cortex. These media gaps"
are often associated with patches of thickening of
the media in the neighborhood. The arterial wall at
the media gap is often strengthened by a plaque of
internal fibrous thickening, but this is not in-
variable. Elastica beads are often seen in these
small arteries in patients over the age of 25 but only
rarely in younger individuals. Presumably the ex-
tension from the arterioles is a simple aging phe-
nomenon; it does not seem to be related to toxemia
or hypertension.
The condition of the arcuate artery and the intra-
lobular arteries in the inner half of the cortex is not
of great diagnostic importance. These vessels often
show "atheromatous" appearance or reduplication
of the elastic lamina in normal individuals, though
these changes are certainly accentuated in neph-
roscierosis.
Tubules. The epithelium of a few isolated proxi-
mal tubules often contains hyaline droplets and fat
in patients with eclampsia or toxemia (Table 3).
This is presumably the result of reabsorption from
the glomerular filtrate. Similar "infiltrations" may
be seen in metabolic disturbances and other condi-
tions, but tend to involve all the nephrons uniform-
ly.
In eclampsia and in toxemic coma, there is often
a very striking widening of the proximal tubular lu-
men, with a corresponding flattening of the epithe-
hum (Fig. 9). This accounts for some of the broad-
ening and pallor of the cortex as seen with the
naked eye. The cause of the widening of the tubules
may possibly be related to a resumption of glomeru-
lar filtration or a contraction of the renal pelvis, but
this is quite speculative.
Ischemic necrosis of three or four loops of an in-
dividual proximal tubule is occasionally seen in pa-
tients who have survived for over 10 hours after
eclampsia or a toxemic crisis. This is quite rare, and
several large sections of the kidney may have to be
examined before a single example is found. This has
Table 2. Arteries: Percentage of cases with each lesion in each clinical groupa
Major toxemia
Normal and
no abnormality(N = 97)
Minor
toxemia
(N = 38)
and
toxemic crises(N = 67)
Eclampsia(N = 75)
Posteclampsia(N = 17)
Thickeningofmediaofarterioles 3 14 5 3 12
Fat in arteriole walls 0 6 6 9 1 1
Elasticabeadsinarterioles 62 32 55 53 52
Prominence ofjuxtaglomerular apparatus 8 3 6 5 6
Thickeningofmediaofperipheralarteries 0 0 2 3 0
Elasticabeadsinperipheralarteries 6 11 18 23 18
Focal and segmental fibrosis in glomerular tuft 18 27 10 13 12
a N denotes total number of cases.
Renal morphology in preeclarnpsia 251
Table 3. Proximal tubules: Percentage of cases with each lesion in each chnical groupa
No Minor Major Toxemic
Normal abnormality toxemia toxemia crises Eclampsia Posteclampsia(N = 49) (N = 48) (N = 38) (N = 43) (N = 24) (N = 75) (N = 17)
Heavyhyalinedropletsinindividualtubules 2 6 3 8 16 37 12
Fatinindividualtubules 0 0 0 32 25 40 56
Intertubularfat 0 0 0 16 8 21 11
Maximal dilatation of over one third of tubules 0 2 0 9 20 36 18
Coagulative or colloid necrosis in rare tubules 0 4 0 5 4 12 0
N denotes total number of cases.
been mentioned previously in connection with other
evidence of very localized ischemia; that is, the
rare, gradually infarcted glomerulus. In much of the
older literature it was said that necrosis was very
common, but this view was based on material from
delayed autopsies in which autolytic changes had
occurred; these old reports can be ignored.
About 20% of patients with fatal eclampsia have
acute intravascular hemolysis. After about 6 hours,
the hemoglobinemia is followed by the deposition of
hemoglobin casts in the distal convoluted and col-
lecting tubules. The term "lower nephron nephro-
sis" is much more suitable than "acute tubular ne-
crosis"; this is one of a wide group of quite unre-
lated conditions which cause acute renal failure,
and in which necrosis of tubules is of little or no
importance.
Immunohistology. An excellent account of the
whole subject of immunohistology is given by
Meadows [9], and Pollak [2] tabulates most of the
recent findings in the toxemic glomerulus. These
show that much of the amorphous material consists
of the macromolecular 1gM with substantial
amounts of fibrinogen, Clq, and C4, and with small-
er quantities of IgG, IgA, IgE, and B1C. The exact
significance of these deposits is the subject of con-
troversy. Spargo et al [3] consider that it indicates
nonspecific trapping of plasma proteins secondary
to the narrowing of the glomerular capillary lumina.
Seymour et al [4] suggests that the immune-com-
plex deposition could interreact with intravascular
coagulation to produce the glomerular lesions of
toxemia. First et al [8] raise the question of whether
such deposition represents an insudative lesion con-
sequent on damage to the glomerular capillary
walls, and suggest that coagulation within the gb-
merular capillaries may play an important role in
the genesis of the lesion. The subject is complicated
by the fact that some authors do not indicate wheth-
er their reagents are specific for fibrinogen, for fi-
brin, or for intermediate substances.
Diagnostic problems
Various glomerular changes may give rise to difil-
culties in histologic diagnosis. Acute fatty liver of
pregnancy ("obstetric pseudo acute yellow at-
rophy") can produce changes in the kidney that are
histologically suggestive of a mild toxemia, though
there is usually no clinical toxemia [1]. In this con-
dition, all the glomeruli are involved evenly.
Chronic venous congestion can give rise to
"beading" of the stems of lobules in many gbomer-
uli; this may resemble the late healing stage of tox-
emia.
Focal fibrosis (or focal and segmental glomeru-
litis) affects one, or less commonly two, neighbor-
ing lobules of the glomerular tuft. The capillaries of
these lobules are dilated and filled with swollen
endothelial-mesangial cells that contain many fibrils
that stain as collagen. Sometimes the lesion is hya-
linized or scarred. The remaining lobules of the gb-
merulus appear quite normal. The lesion is seen in
only occasional glomeruli, sometimes only two or
three in a large histologic section. This condition
occurred in about 15% of all patients in the present
series, irrespective of the clinical groups; and there-
fore any association with toxemia seems to be pure-
ly coincidental. The cause of the lesion is uncertain.
A number of workers regard these focal fibrosis le-
sions as indications of a latent or a progressive gb-
merulonephritis, and support this by followup stud-
ies [10, 11]. In the present study, however, the rela-
tively high frequency observed even in the clinically
normal group casts doubt on this interpretation.
Other focal glomerular lesions, such as those of
subacute bacterial endocarditis, disseminated lupus
erythematosus, Henoch-Schönlein purpura, and
polyarteritis nodosa, and also the various changes
in diabetes mellitus may be mentioned in this con-
text.
Acute membranoprolferative glomerulonephritis
in association with pregnancy is not very common;
it was found in less than 0.5% of the obstetric au-
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topsies in the present study. Membranous glomeru-
litis was not identified by "spiking" in any of the
series. Various grades of hypertensive renal dam-
age up to nephrosclerosis were present in 2.5%.
Essential hypertension is a perennial source of
difficulty. The diagnosis is based on clinical features
(hypertension before the pregnancy or during the
first trimester, and a maintained severe hyper-
tension in late pregnancy) and on pathologic
changes (hypertrophy of left ventricle, and media-
gaps in the peripheral arteries of the renal cortex).
There are no specific lesions in the glomeruli unless
toxemia also occurs.
About 3% of all women have primary essential
hypertension. Approximately one third of these
women develop superimposed true toxemia, an in-
cidence about two to five times greater than that in
the general population. After the pregnancy, most
of these women will gradually develop various grades
of renal vascular disease, and about 1.3% of them
will die from this cause each year during the next 30
years. There is, however, no convincing evidence
that the pregnancy accelerates the renal lesions.
Abruptio placentae. At the time of the abruptio,
there is a sudden and very severe vasoconstriction
localized to the arterial system of the renal cortex,
producing various degrees of ischemic damage
there. A brief vasoconstriction gives rise to protein-
uria. Vasoconstriction for about an hour causes is-
chemic necrosis of proximal tubules. A longer peri-
od of vasoconstriction damages the distal tubules
and the endothelium of vessels so that a few fibrin
thrombi develop in glomeruli. Prolonged vasocon-
striction leads to various grades of cortical necrosis,
depending on the distribution of the spasm in the
arterial system. Secondary thrombosis always oc-
curs in this condition.
The question of immediate relevance is whether
this vasoconstriction is preceded by toxemic lesions
in the glomeruli. A definite answer can not be given.
In the early stages all the vessels of the cortex be-
come distended with blood, which obscures gb-
merular changes. In fully developed cortical necro-
sis, the glomeruli that are "frozen" in the central
dead areas sometimes show various abnormalities
that might be stigmata of previous toxemic changes
but more probably are merely the result of the acute
ischemia and the subsequent phase of congestion.
Conclusions. The occurrence of renal lesions in
toxemia, as seen in fresh autopsy material, seem to
relate to the presence and duration of proteinuria.
In toxemia the glomerulus enlarges without an in-
crease in cell number. The most characteristic gb-
merular lesions include capillary ballooning, where
loops fill with swollen foamy endothelial cells and
fine collagen fibers. On occasion the ballooned loop
pouts into the mouth of the tubules. The visceral
epithelium is thick and may contain protein drop-
lets. In contrast to others, we observed fibrin
thrombi only rarely and an unaffected basement
membrane. Arterioles also seem uninvolved. Many
descriptions of altered vessels may relate to elastica
beading, a phenomenon present in kidneys of nor-
motensive subjects. The incidence and role of im-
munogbobulins in the gbomeruli of some toxemic
subjects remain to be resolved.
Reprint requests to Dr. H. L. Sheehan, The Medical School,
University of Liverpool, Liverpool, England
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